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(54) ALUMINUM NITRIDE THIN FILM-METALLIC ELECTRODE STACK. AND THIN FILM PIEZOELECTRIC RESONATOR USING IT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin film piezoelectric resonator which is large in 
electric-mechanic coupling factor and is excellent in acoustic quality coefficient (Q value), band 
width, and frequency temperature property. 

SOLUTION: This resonator is equipped with a piezoelectric stacked structure 14. where a lower 
electrode 1 5, a c-axis oriented AIN piezoelectric thin film 1 6. and an upper electrode 1 7 are 
stacked in this order via an insulator layer 1 3 in a position facing a via hole 20 of a substrate 1 2. 
The lower electrode 1 5 is composed of two or more metallic layers including the lamination layer 
of the first metallic layer having body-centered cubic structure such as molybdenum, tungsten, 
or the like, and a second metallic layer having face-centered cubic structure such as iridium, 
platinum, or gold. The thickness of the first metallic layer is half or over the thickness of the 
lower electrode 15. The rocking curve half value width (FWHM) of the (110) diffraction peak of 
the first metallic layer is less than 4.5° , and the rocking curve half value width (FWHM) of the 
(0002) diffraction peak of an AIN piezoelectric thin film 1 6 is less than 3.3° . 
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ii>!tc <<!:*>— Jl©BMfc^y3> (SiO, ) fc-J:^/* 
fc«Mi"J3> (S iN. ) *^B£^i-rS^H«r 
JfM-T -5 C i K «*: «3 . iSlgEmft«i-¥-©^iSSfSS^ 
iSi'©#tt*M(c3(l|-rS C £ #T?>* 
[0032] 

[^©H*6©JI5JSS] WT. ^B^©^*S©Jf^K-o^ 
40 t:»*fflicisiWT-£). 

[ 0 0 3 3 ] 12 1 -t SSBIffSftlg^ ©*Jfi 

^?t^T^;W¥BdH-C* 0 , 0 2 «^©X - XWffi 
Hr**. ctie.©a«:-te^-c. »Mffi«fttiT- 1 1 » 
Sffi 1 2 , 1 2 <o±m±icBm$titctmfcm 1 

3toJ:0'»*6^ttt)l 1 3©±®±5C»fiS$n?climSI)l 

^^i4*w-r<E>. iimsa^»i4«. tfets^n 
1 3o±i±«:$s?nfcTaiiii 5. irFgRmsBi 

5©— giJ^rS^i^JCU-C^ftlll 3©±ffi±(il^)5Sc 

3 titcumtmm 1 6 *j j; o'See^&wbs 1 6 ©±b± 

50 (C^3 tifc±gpmS \li»hUZ>. St£ 1 2 Ktt. ^ 
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11 3©-8IKJfT*-^2 OKHaiWT&tULTl**. 

7tt. ®«jSG2 lK*tlD-r5^rt{C^3n/ci«:gB 
15a, 1 7ai, l^3Et*SP 1 5 a. 1 7 a i ?f SPtsISS 
£©J£&©/ca!>©lg^SB 15b. 17b SrW T ift^- 

gp 1 5 b . 17 b«jg«jgi52 i zmtmic&m 

[0034]l«12ilTB. Si (100)«^ 
tt <t'©SMs§S. SfcttS i m&¥at£ £<Dmtt<D$miC > 

*ffll,>SCi*it?*€». S«12<tL/r«. -e©f&©¥ 

2©fcfT*--'U2 0©)Kfi£^iL'CW. SffiTffiWJ*. 

ft s^tt. trr*-JU2 o&c<fc.&<kcDtcw:iE 
sg;*ttir. is»>as2 i©m8b*i*^rs&©-c&*T.««i: 
<. i»gi»sii2 uc*tfc-rzmm±mm%Licmi&Ltm 

[0 03 5] *&&j$Jg 1 3 <h OTCtt. fi^tf gfb^ y 3 
XSiO, ) ££j&#<fc-r£l§«{*Jg. ^{t->'j3> 
(S i N. ) 4M»it5«, *tJ:0Wti/y 
-T &KttttM<haHb!' 'J 3 >£±f&9-<!: 

*if*Jtl 3©#ft<t^H>-C. @*©£WS 
#5 O^S^^-C^^fiE^^Ji-r (fl6©@<D«Mtco 

<.>t*>isu§> . mm#m<izmmfrht£Zb<DT-*>r>xi> 

0U*W2. 0Atm*iSS. *?£L<&iO. 5MmJSTTC& 

l soj^RS^iii ur«. ->y=i>7!P6fiS 

SStSl 2©*®©&B5fba^CVD£jWn3*ia. 
m«B 1 5 ifi K7 *-JU2 0 KfflWTggliiLfctgjtSrSffl 

-r^cifer**. coDi^tc. tii6SR2 i ccitiD* £ 

3 4«g-C|^*-r4C<i:KJ:f5. &Mm 

[0 03 6] TSfSH® 1 5 tt. &&iL?itt&*m~?Z>%i 
S(C^fClSGr^2(D#i5lliagl 2<t©ffl{C0fiS 

■ztih&m&mmt zmm-rz c tic «t o «j^$ti-c*$ 

-E-©;i$«m{*5 0-3 0 0 nm-C*-5o ff^i* 
J5I51 6(iA 1 N*>6.«i0. ^©J13«0>I^«O. 5- 
3. Owmf&i. ±gpmgl7«. t'J^f 
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sn-tvs. &£<,>tt. ±gRm©i7«. -ty 
£fi£#<t-rs^£. -pj^a. is. -ryy 

£A. T;l/$ — -?A. ^'ty'jA. 
i">A*£(K#£-r5££. T^S^A££Ji£#£-r 

-9A££>?£#<!:TS££. *>*JU££fi£#£?-£^ 
i*EiA££l£#<fc-r£»£3:. fc^O-^^U^IjX 

#<t -r hm\ttiz>&mfrht£ z&mm<D 2 as 

?«P9Ati5 0~3 OOnmt**, 

[0037] -micEEmunoEEmwmt. te&oftm 

20 ©ASS. #@iii©I2?Jft<fc-lct2<irr£. *369itm> 

jMbWo c i*»»-r 5. (oooi) #-ie 

mmtwfic (oooi) i^gi/ti^i 

n?7? h^-f-ftlcj; 

30 Sa> mti, (OOOL)f- 

IP%. cl*#-Eieiiltt. 0 -2 0@fe<DXiSleIf/f 
( 0 0 0 L) SWJ1-<DS*f?SS*s (OOOL)I 
JS*t<Dg^f-^S(D5%*i«. «£0<tt2%* 

*s. (ooodi«. (o 0 0 1 ) jsyijoffi. in^. 

(0 00 1 )®. (0 0 0 2)®. (0 0 0 4) ®ft£ 
[003 8] *^M^e.ti. 0 1 RVm 2 CC^-r^fiX<D 

f b ARcctec»"c. ?o>*mttmK nmzmm-?z>& 

SFBAR-Cti. TSU^&l 5tt. ^tCtoCrSffi 1 
2<t«Or^$n*gS#)IIB. ®^SE^«tiS©»2 

©^s^te«to-^^ii[*«ijS©^ i <D&m®>t comic 
aur-s c i «c <fc •) «fS3 ^cfc©-c*i„ 
[0 03 9] Tgpmgi 5<tor. x^--^*-^*fc« 

50 f£. K^-Yx ^^>^KJ:<3Ctie>©^S)l«:^fS©fl5 
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^*-r^ciccj:o> BffScojKttfcflpxLfc. com, 

A 1 NiSH 1 6 L»<bttm&<Dm 1 <D^SI@i(DF^ 

k\ T&nm i 5 *«ij£ir & 2 «±<D&««£f*©» s 

COO . l«JMT©*S(D8B©#*Ji*fc»<bd«JlitJf? 
hrr*-^2 0±CCj»^fcA 1 N9I1 6©±CCJg 

[0040] KEr^ttoaisi^stcff 

6ft*ffl^iB?1«iO^<D»BliW1S»*S2 * 1 0 11 

tf-^ttli (FWHM) #4. 5° sfeSfrC*** 

«»BLkK:Sfb7* 5 - 0 A»M£fi£S3-e£ C it, 
(0 00 2) @»ft*-^(DP ■ ^-^¥fiHH 

(FWHM) #3. 3° ^-Cab^ii5iBfS]1l, 

[0 04 1 ] TSPmffi 1 5 &CteffiSftSf£M»jflli& 
(ffilB*!.-..) 0»l(D3feBIIJiil/T»aa:«»». 

9, Cti6(0W»W, (110) l2fa£^U JUffli^ 
ffCC (1 1 0) ffijW£Bl/"CC>?>. Cti6©ttf*ttJ»W 
14JR5fe^fiC^t^«p14*Wi"4. (Mo) 
*J)!!E»it5^t^^ 9 9. 38%Mo-0. 
5%Ti - 0. 07%Zr-0. 0 5%C £lO$&J#£ 
ffSTZM^ 9 5°/oMo-5%Re^, 90% 
Mo - 1 0%W^fc£#**. *>*^7*> (W) * 
^(ht^^ibtU, 9 5%W-5°/oRe^, 
9 0%W- 1 0%Mo^ W-Cu-N i 

[oo42] raims 1 5 cc«« sn sa^vsaftBiS 

Ui^A, 7*5-*A, -TUS^A 

)&#<i:-f r* 5 ~*A*£j£#<h iB 

*£)5#<L^£^fc£r*0 t cft6£>ttfcH* (1 1 

i ) iafti*^u iiiffiic (ill) s^^b-r 

Ir-P t fi^(Pt) ^SE^i-r 

^il/t^PtiRh, 1 r, Ru, Pd, Au, 
N i , W*>6ig«ftS£K£®^£&£#**. £ <A 
u) *S«»i«^ittBAuiPd. Pt. F 
e, Ni, Cu k Ag*61iih^Si©^i&^ 
$>& e 7* 5-* A (A 1 ) Z£l$ t ftt-$'Z>£&tLX 
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tt, A 1 KiWWDS i k Cu*a5flP*)fc«HjSSti:/cA 
1 - S i - Cu^i A 1 - S i A 1 It'PW 

CDM o , W£@jg£i*/c^, Al-Cu-Mg-Mn 
Ifi^, AI-Cu-Mg-NiS^ Al-Mgf 
A 1 - Zn-MgjS^fti'#*5. SB (Ag) 
£3£ja#<hlT£^<tOT$*, AgiZn, Al. A 

[0043] A 1 NflMI 1 6 i*i^S£]51«jfiO» 1 
WBiOH^^StiSBllco^llifclWfc^OB (I? 
10 EH) tLX&mZftZ&MtettHte* 7*5-?A. 

£t*^ e 7*5-*a (Al) 43ESt^£T4^i 

L/"C(2, Mffi£>A 1 -S i -Cu^i, Al-Sil 
A 1 -Mo-W^t Al-Cu-Mg-Mn 
Al-Cu-Mg-Ni^i, A 1 -Mg^ 
Al-Zn-Mg*S4ftm5. 7*5-* 

a (A i ) *sfla»ir*{b*«4ortt. aio b n 

T UE1$&>*> 9 ->un> (Si) *±SE»ir*{fc^«!l 
20 £ UtBS i 3 N, % S i N. , S i O. N ¥ , S i O 

[00441IS12 iffl*S[^lijfi«>» 2 (D^^B£ 

30 4^*. ^aA*i«»it5^ 

^it^^i'r^S, vW^A (Mg) * 
^<tr^iOtBMg-Al -Zn-Mn^ 
Mg-Zn-Zr 6*. M g -»±»7BR*££tt 
(Ti) SisS^ira^iLTtt 
TiiAl, Mo, V, Cr, Mn, F efrhMl£fi& 
«iO^*ftmS. (Nb) ^£^^<bT 

S**iUtliNb -S i -T i - Fe^i'» 
^> a jf>jr* (Ta) «riBS»ir*^*4Ur»Ta 
iCr, F e, Co, N i % W, P tiPbM\Xti2>&K 

40 iO^Att^**. ^t 3 ^ (Cr) t*«t»ir*6 
^iltiJCr^Fe, Co, Ni, Mo^?>at*nS 

■r^^<b OTfctN iiAL Si, Cr. Mn, F 
e, Cu, Mo&6attftSftH&0^tt 

[0045] ±asmffii 7frcffiffl3n^ja^urjfji 

ftftffit -t'i^^, ^>^r>, 7*5 
50 ±a5m®17£br, ^'J^7 r >. ^>^r>, 
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v^^t/^A. TJUS-^A. 

T;i/$--i»A££f£#£-f££#. **>£±g)c# 
•5A*£(£#«fr*£&. /^-^A^^i-rs^ 

^ ft sis* 2 mm±mm or & sflM&niwR 

*6tltl&£ftfc6©«ttfll-*-&£&'C. ^tt^SSfbS 
[00461 <*^*«aS<Z>» 1 ©&R»£ffi<lAfcfr«l 

m<om2 <o&MM£<omm*&t*2misLk<Dwn&mm 
m±icBf&2titc c tueffl©s{tr * s =. v A«jg©x 
w&siK.&.*)ffl&i,tc (0002) mmx-zwv* 

>^ • *-^¥fi*I (FWHM) B3. 3* 7m-V$> 
i. n?+>y-*-^flH (FWHM) #3. 3* 

ttt-e* * <fc . namm&nm k « * £***«««» 

(Qffl) *MBTU £Jg^14*ilWtTS©TifT*L<& 

&Ktc** < TSBUffiiS^SR 1 5 b iTSPmS 

JS^gBl 7 b&®aK«it'J--»#A£(s4»-r< «c£M 

[0047] fcfc. B 1 Km?1*Ji&©BllEtt 
Jttffttt. KS#»g©±T©Sffi«:S|?£Enfll]l,T 

C©&. T«*«*W?«ffii'<-'«. TSU^IS© 
— SteKtttSttSifcSBtf**. C ©«««*#«» £L"C 

[00481 03 J: SMRJEE*ft»?-©S(l© 

«s»»*5vr«a»>¥ana-c* o . H4«^©x-x 

BrffiB-C&S. Cti60itCfel,^tt. iieSlfc.fctf 

[0049] *HJfi^S"C«. TSPSS 1 5 
OJBtttErtt Ortet) . ±g|5f5ffi 1 7 «. ^1 ©ISS8B 1 
7A£3&2©Sffi8|U 7B£jO>6J8c*. <Hl6S«S|51 
7 A. 1 7 Btt-e-ft-en^tfcSSl 7 A a. 17Baiffl 
^gB17Ab, 1 7Bbi4Wt5. £ffc§|5 1 7 Aa, 
1 7 Baii*IS&g|52 1 Cc2*j£-r*SS«rt&C{&gLTfc 
<3. igTSS17Ab. 1 7BbttlSI6g|52 1 CC»Ji?rS 

[0 05 0] *Hte»ffi-CB. ±SPm© 1 7 ©"5 *>©— 
# (M*.HBII2©tttt«l 7 B) iTSB^SS 1 5 tom 
CCAft«E£Efflfll/. ±SflSSffil 7©5*>©ffc£ (ffl*. 
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\tSH 1 ©Sffigfi 1 7 A ) iTSBflBS I 5 t<om<D'%&* 

js© 7 ^ ;u * - *Mm&® 7 4*9- <Dmi&wm tcx 

[0 05 1 ] H5»**rafCJ:&Brarafi?-©£ & 
CC»iJ©HJS^«*7n-r g&WPPSiH-Cft •) . H8B*© 
io x-x»iansr*4. ch6<0H(c*ti>t«, ±.szmi 

##1*3 tiros. 

[0052] xmrnmrniz. m 1 &<t:um2 K&na>n 
Esmmmm^im-rimmmm^^mmsf- <s 

tacked Thin Film Bulk Aco 
ustic Resonators) "C*£. BP^. $g 

iMtJi 1 3 ±tcTSpsffi is. ii ©ee®<*»js 1 6 - 

1. F*9SPmfiBl7- . JB2©ffl5#iSlgl 6-2fcJ:t>- 
20 igPHSl 8a*C©liliK:?gJlffJJ!X3*rC<,>S. F*3SPH@ 
17' », mi c35JE^ttSS 16-1 (C^r-5±S|5fi® 
tl/TO««ifll2©BE*fl«ill 6-2«C)»«-4T» 
«ffi£LT©ttfi6%Wri. 

[005 3] *WIUK«-C«. TSP^S 1 5 trt^Sffi 

17' <b©ra{cA*mii*Enflnc-. sp , ^g|5msl7• t 

iSPmffi 1 8 <L©ia©1IEE£m?JlIff£ brSXD HiTC 
t*5-C*i©r, CtlSttfc^ffiS? ^^>-il/"Ctt 
ffl-r*Cij6«-C#*. C©J:5ftflWE©*Sl!7^^* 
-*jKHWi7 ;u*-©«eSH*£l/TfigfB-r*c4 

n-t ur©s«»i&Sftt*sisi±T-5. 
[0 05 4] «±©J: 9tt«ltEE*ttfi?fCi»l>?. -7 

m^«*S^»k«'<h©ra«:». «T©K^ 
k t ' = * r /Tan (<*> r ) 
<<) r = (*/2 ) ( f , /f. ) 

40 [0 055] mmotctb. ®i(i.®m££%®. k t ' £ 0 
r. :*3£ 

k«' = 4. 8 ( f. - f , > / ( f. + f r ) 
a>68tHL;rc*>©£fflt,>*c£#-c#. *^«BSr«. 
^m^«*S^^k t , ©^<B«. c©«*ffli»r#HJi/ 

/c*>©«rSWLrt>^. 

[0056] 01S^@2. @3&t/E4. Mi>'(C@5 
SO'S6©-e*a-e*i«:^bfc^©FBAR*/c«S B 
AR«C*sl>-C. 2. 0 — 3. OGHzOlltcfeWS* 
®S«B@[<b5*ffiSiS»©iI5£fi*>6^a>/cfiSi««ie 
50 ^»k, , (*4. 5%tLh/c£^.«4. 5~6. 5%T 
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[0 05 7 1 

[0 05 8] [SOKtt 1 ] ***Wr«. «T<E> <fc 5 «C 

[0 05 9 ] BP*>, mmt&it£*)* J933 5 0*im<D 
(10 0) S i Sffi 1 2<D±TFmMlcm2 1 . Um© 
S i 0 2 JB«r*«Ofc«. ±mm<DS i 0 2 
.^>yut, ilCSiO, JBCW»S*MEU Si 
O, ^6ffiD*3(C^©»S«t**rSIBIW*»l 3 

p> • X^'^^-ffiCCjiO. H$60nmOAuMi 
(*20£JWB> 1 5 OnmCDMo^SH 

(f KDiSM) *c<DJIH»CcJI5fiJ&U 7* h'JV^ 
7 -y -CC<fc9'*#->ft;l>T, Mo/AuTSBm@15 
£7f5l£L/c 0 TSP^Sl 5<D£tMUl 5att, 
1 5 0X 1 70 tfm©)@BK:JfiC^i Lfc. Au4K 
1^(111) ea^fH. HJft*i-«fiJflre**K Moi 
BB# (110) £ft0l OT5#--Eia«re**c± 

X«@8faiJ«{Cj:»5«lBL//c. COMo/AuTSP 
*«1 5*»6RtyfcSfRl 2Jb«:* «R5N<^IAl 

9. «2«:E«««fl : ^ AlNWt»« 

otc 0 mMM%&mLtcmjZ±v*>?fc£*). a in 
[ooeo]*oft. DC7^ha>-^^-a 

iy7K^a^ffllt 4 S?19 0nmTi*»l 
7 a <D¥*m-f& 1 3 0 X 1 5 0 » ro<D*BI£K:iB<,»j£R<D 

a i ±s»nsi izjtmotc. ±umm \ 7<d^<*sbi 

7 a TSPmS^ftSP 1 5 a CCStfETSfiatCffiKt 

1 5 i±SPmg 1 7 iBESftSB 1 6 &<DJUK34T?t> 
Sffl*:/*^* h?***r»HU Sigfi*12<E>T 
ffi(cM3n/cH3 1. Um0SiO 2 
l/?0t:Bf&Ltc-7Al>$:m^r, JgiJjSI32 icc»js-r 
£S iS«U 2<D»»*J!in«kLrfcKOH***ri'»^ 
>^Bfc*l/T. Mi ft ^ t'7 1> - Jl' 2 0 Ufco 
[0 06 1 ] ±K©Xg«:J:nT«iS3ftfcA 1 N«EBI 
-#JS®gSJt#CCOc>T. XPS#7ft£&cJ:*H#6ft 
/cA 1 NfSM (KHftS^) ©tt«»«ttf ^i^CC, 

5* h^-di-ffi(cJ:*«^S«[«5ei (0 002)0 
ffrt~?<Da**>^-#~^«I (FWHM) SflS 
CfT-^fc. A 1 NWBI©fflsJS*J *WSatt©fFffl»** 
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^2CC7^-r o 

[0 06 2] */c. tjA?-\r • W ^nr ^ ^Sl^-f 

±iacD»MEm«JgT- (fbar) ©««jbt-i 5 

b. 1 7 b^CD^>f-^>X#t4^?i l J^6i^C, 

tea nhfttcmm£&&M*<»m&M3h<o&*f$i®&* 

10 tc^to 

[0063] [i«s#J 2 ] *guswr tt, «fc 5 cc 
[0 064] bp*k nis^j i <t raaoafPK £ o , s i 

O, 3&i6J5RS»5|»tWBl 3*»REbfc. c<D«M»tWBl 

m (m2<D&mm) romo^ibji (mi<o^mm) * 

20 XfcOr, Mo/P t/T iTSPm^l 5*3BfiEL//c. 
TSPmffi 1 5(D£{*SP 1 5 a«\ ¥ffi^ti£ 15 0x17 

0 um(D)e)W:iSl«tt& Ufa. P t £JSB# ( 1 1 

1 ) #-EGJ«rr* 0 . M o£S5Jl# (110) #-IB 
|fi|»e**Cira, X«H*ri!BSCcJ:»)BgBUfc. CO 

mo/p t/T i rawsi 5*»rs;u/cS«i 2± 
cc, mtfc&i 1 J: 0 . EmftWJBi 1 6 *B 

b*7&£&mUX* £{£§151 7 a©¥ffi%N£ 1 30x 

1 5 0Mm<Dj£J|5CCiSl^tROMo/Pt/T i JbSP^ 
30 S 1 7 *JBfltOfc. T i £Jg»&i?e«£«Ji<t Itfffl 

fi^^ft, MoiaplW»*^S£^flia(D»3<D^JII«i 

/Co 

[0 06 5] ±IBcDXgCC<to-C!3^Sft/cA 1 NiWIi 
-^JUSffiSHftOC-ot^r, X P Suffice J: Off 6ft 

40 tcA i nsiis (ffimf*aig) ©«fl5»w*tf 5 <t«tc, 

h^-^-i*tcJ:^t&^^JS<f: (0 0 0 2) H 
Sfb--^<Da^^>^ • ^-^¥ffiiJi (FWHM) »m 

[0 06 6] ±tc. fjAtr-Y • ^of ^ ^S?^^ 

iJB©9WWE«ft»F- (FBAR) cDHMm 5 
b. l 7 bIB©-Y>tr-y>^«rt4*ilDE-J-44*K: 1 
50 ftMftttfr fc^VHftliHttftf . o«e«*6. 
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[0 06 7] [ mmm 3 ] *HiS^r«. fctT© <£ 5 cc 
It, il RVm 2 «c*f 3 nr l > S tt»iS©iSJ®EE«*ti 

[0 06 8]BP*i. USSflll il5J«©^mcj:»3. Si 
O, ^e>R£S»»«:(ll 3 4Mlfc. C©*&HH*JI1 
3<D±ffi(C. DC7n hn> • 10 

i (cie«s©/?3©T i (®m&m®) . au^h 
13 (m2<o&mm) ro'mo^udi (gi i ©^jsji) * 
c©ifflS(cjgR£u h y j -<,c£K)/*i> - 

Mb Or . M o /A u /T i TSIimm 1 5 Ofc„ 
TSCmS 1 5©if*SU 1 5 a JJ. 15 0X17 

0 um<D<teB<<c&^mKtLtc. Au#II« (1 1 

1 ) *-|5|SlK-C* •) . Mo£|gJI*i (110) m-E 

(fiiM-c&^citj. xmrntfrmmic^ommLtc. c© 

Mo/Au/T iTSB^ffil 5*JB(SUfcS«l 2± 

Xftft 1 4 BttO&ffCC J; 9 . 0EH<*» Jg 164i 20 

\-*?m*®mi,-C. £f*8Bl 7 aO¥It«l 3 0 x 

1 5 0Mm<D5Eg»CCfiV^t»imS 1 9 5nmOMol 
gpmS 1 7 ZBf&Ltc. ±SUmffi 1 7 ©£<*SB l 7 a 
tt> TgPmffii^gRl 5afc»l6-rSfiUW:EB:tyfc. 
*(c. |«S0<|1 £|i§Hi©ismcJ:9. 3S»ifir*Kr* 

9 . «gffibgi52 1 6CJtlC-r4®«<D*6K»Jg 134^15- 
^^^iUr. TSBSffil 5©Tffi£S5l±};*-t±ft:. 
[0 06 9] ±R©XSCC<t->TH£34'lfcA 1 NMR 30 
-£il«ffifBil<*«:ot,>r. Xttm <t|5l«(ci,r. A 

i nbb (&m#Bm) ©»d&#w. f^^^hv- 
*-mc&&time.mm&. fc,tv(ooo2)iSTf 

-*©n?*>^- *-^*«*B (FWHM) iffJ5££tT 
ofc. A 1 NSIS(DifflBS*J«l:a f teSi4<Dl¥iS*S*^2 

[0 07 0] *fc. HiSB&l 1 <fc|^«frC LTT, ±i2WJBIJE 
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